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different individuals, and may be different between males and females due to estrogenic stimuli. Tumors injected into mice are highly dependent on recruitment of bone marrow precursors, while tumors that are induced in mice through chemical carcinogenesis are dependent on local recruitment. Evidence of this is provided by the Id-1/Id-3 knockout mice, which are highly resistant to implanted tumors, but are not resistant to carcinogen induced tumors (9, 10) .
Once endothelial cells are attracted to the source of blood vessels, they must form a functional lumen, allowing for the transport of red blood cells and metabolic wastes. Initial lumen formation is a state in which blood vessels are not invested with pericytes, and is thus unstable. This vasculature, called a neovasculature, is leaky and unstable, and is prone to constant remodeling. Interestingly, tumors which have a high degree of vascular remodeling have a poor prognosis (11) (12) (13) . If the neovasculature is not actively remodeling, it becomes invested with pericytes and becomes stabilized and has a decreased ability to remodel. Pericytes are cells with smooth muscle characteristics that invest small blood vessels. It is harder to regress blood vessels that have been stabilized with pericytes, but these vessels may have less capability to vascularize a rapidly proliferating tumor (14, 15) . There is thus a tradeoff between vessel growth and stability.
Targeting the neovasculature has been a focus of pharmacologic efforts to inhibit angiogenesis. Most neovasculatures are characterized by high levels of VEGF, but also angiopoeitin-2 (ang-2), which has the dual effect of destablizing vessels and attracting endothelial precursor cells. Tumors with high levels of ang-2 have a poor prognosis compared with tumors with low levels of ang-2. Both ang-2 and ang-1 bind to the same receptor, and stimulate similar signaling cascades, but ang-2 causes leaky vessels and vascular leak, while ang-1 decreases vascular leak and promotes vessel stabilization (16, 17) . These findings have been thought to be couterintuitive, but more recent studies show that ang-1 and ang-2 are both survival factors for endothelial cells under different combinations of growth factors, and that ang-2 promotes endothelial cell survival under conditions of severe stress, such as the acidotic and hypoxic environment of a solid tumor. For the clinician, the important thing to remember is that redness is often a sign not just of angiogenesis, but vascular leak, and that these conditions are often accompanied by high level expression of ang-2.
Vascular leak as a target for therapy
Vascular leak is a common component of multiple pathologic processes, which may be systemic or local. Dramatic evidence of systemic vascular leak is seen in sepsis, which is often accompanied by peptides that enhance vascular leak, such as tumor necrosis factor alpha (TNFα). The edema of a glioblastoma multiforme or toxoplasmosis causing the enhancing ring phenomenon on radiography is an example of vascular leak in an area that is compressed. In areas that are not compressed, such as the peritoneum or pleura, vascular leak manifests itself as ascites. In the skin, vascular leak if rapid, manifests itself as bullae, which may account for the blisters seen in pemphigus or pemphigoid. Lower level vascular leak manifests as microvesicles, such as seen in allergic contact dermatitis, dermatitis herpetiformis, psoriasis, and atopic dermatitis (18) (19) (20) (21) (22) . Vascular leak is associated in most cases with a limited genetic repertoire, consisting of an inflammatory cytokine (Often TNF-α), NFkB activation, endothelial expression of surface ICAM-1, VCAM-1 and E-selectin, which promotes lymphocytic, neutrophil, and platelet adherence to endothelial cells, and high levels of VEGF and ang-2 (23, 24) . These processes can be seen in a variety of infection processes as well, ranging from soft tissue cellulitis to meningococcal meningitis to cerebral malaria (25) . Currently the major treatment of vascular leak is systemic glucocorticoids which decrease vascular leak, and have lytic effects on neutrophils and lymphocytes which perpetuate the inflammatory effects. Unfortunately, steroids are highly immunosuppressive and have other effects, such as promotion of insulin resistance. This may be due to increased production of reactive oxygen as a downstream effect of glucocorticoid action (26) , and may explain the flare of psoriasis seen when systemic steroids are used to treat psoriasis and tapered off.
Targeting reactive oxygen to treat skin diseases
Oxygen is the major component of cellular respiration. When fully metabolized, oxygen is converted to water. However, oxygen has additional metabolic fates, such as conversion to superoxide by enzymes such as the NADPH oxidase complex (Nox) (27) . This is a family of enzymes that converts molecular oxygen to superoxide, a highly reactive and potentially destructive molecule. Superoxide has many physiologic functions, such as the destruction of pathogens by neutrophils, as neutrophils can use superoxide directly or metabolites of superoxide, such as hypochloric acid (bleach) to kill organisms. Deficiency of the ability to produce superoxide is manifested in chronic granulomatous disorder (CGD), the most common form is X-linked CGD, in which nox2 is deficient (28, 29) .
The nox enzyme family in humans consists of 5 nox genes and 2 dual oxygenase (Duox genes). Nox2, which is the primary gene of CGD, resides at the cell membrane in a complex with other genes, such as gp22phox, gp47phox, p67phox and the small GTPases rac1 and rac2. Deficiency in any of these genes can result in a CGD like phenotype, in which neutrophils can engulf bacteria, but not destroy them, leading to granulomas that are inflammatory. Rac is required for the activity of Nox 1,2, and 3, while gp22phox is required for the activity of nox4 (30) .
Generation of superoxide has several important physiologic consequences for cells, whether or not the cells are specialized to kill pathogens. Superoxide oxidizes IkB, resulting in activation of nuclear factor kappa beta (NFkB) and downstream target genes, such as ICAM-1, VCAM-1, E-selectin, ang-2 and VEGF (31) (32) (33) . Superoxide can also promote tumors through epigenetic phenomena including hypermethylation of tumor suppressor genes and oxidation of other tumor suppressor genes, such as PTEN (34) . Hyperproliferative activity of reactive oxygen may be halted by activation of the tumor suppressor gene p53 (35) .
Reactive oxygen has been shown to control angiogenesis in many tumors, especially those deficient in the tumor suppressor gene p16ink4a (36) . Prominent among them are melanomas, the third most common form of skin cancer and the cancer responsible for most death due to a skin condition. Most melanomas exhibit a phenomenon called the "reactive-oxygen driven tumor" in which angiogenesis and resistance to apoptosis are mediated by a reactive oxygen (superoxide)-NFkB mechanism (37, 38) . Blockade of reactive oxygen may sensitize these tumors to chemotherapy and radiation, in part by reducing NFkB mediated angiogenesis. Recently, we have found that triphenylmethane dyes, such as gentian violet, block the activity of nox2 and nox4 and eliminate the growth of experimental hemangiomas in mice (39) . Gentian violet has been shown to be clinically effective against oral hairy leukoplakia, a condition caused by epithelial infection with Epstein Barr virus (EBV) which causes reactive oxygen generation (40, 41) . Currently, novel derivatives of gentian violet are being synthesized for systemic use against solid and hematopoietic tumors that use reactive oxygen for signaling.
Angiogenesis and Psoriasis
Psoriasis is a common papulosquamous disorder that is present in 1-2% of the US population, and can range in severity from a few asymptomatic plaques to total body involvement (3, 42) . Psoriasis can overlap with other rheumatologic disorders, including arthritis and inflammatory bowel disease. Psoriasis is seen exclusively in humans, and results from a complex interaction between lymphocytes and keratinocytes. The earliest evidence of increased angiogenesis in psoriasis was elucidated by Braverman, who demonstrated increased vascularity in the psoriatic lesion and determined that the epidermis was the major source of the angiogenic activity (43) (44) (45) (Figure 1) . A major component of that activity was found to be VEGF, and transgenic overexpression of VEGF-A in the epidermis gives rise to some features of the psoriatic phenotype (46, 47) . The dependence of the psoriatic process on lymphocytes was elegantly demonstrated by Nickoloff, who transplanted uninvolved psoriatic skin onto SCID mice, infused stimulated lymphocytes into the mice, and demonstrated regeneration of the psoriatic lesion along with a vigorous neovasculature (48) .
Psoriasis was once thought to be due to a Th1 lymphocytic process, but more recently has been demonstrated to be mediated by a Th17 lymphocytic process, mediated by T cells that have some similarity to NK cells (49) (50) (51) (52) (53) (54) (55) . This finding might explain why psoriasis often worsens in patients with advanced HIV infection, in which Th1 function is severely dysfunctional. Infiltrating T lymphocytes in psoriasis produce IL-17, which stimulates NFkB targets in keratinocytes, including ICAM-1 (53, 56, 57) . Synergistic activity is seen with interferon gamma, and other cytokines potentiate the inflammatory and angiogenic response, including interleukins 15,22, and 23, as well as TNF-α. IL-23 shares the p40 subunit of its receptor with the IL-12 receptor, and recent clinical trial has shown efficacy of targeted therapy in patients with psoriasis. IL-22 has shown to cause epidermal hyperplasia, and possibly increased epidermal angiogenesis. These cytokines are controlled by TNF-α, and blockade of TNF-α has been shown to be efficacious in reducing levels of IL-22 and IL-23. Inhibitors of TNF alpha, including traps and blocking antibodies, are in widespread use in psoriasis, although complicated by expense and side effects (58) (59) (60) . The side effects include reactivation of chronic infections, Ie tuberculosis), worsening of autoimmune diseases that may be controlled by TNF-α (lupus, multiple sclerosis), or worsening of congestive heart failure. In virtually all cases, psoriasis returns after cessation of TNF inhibitor therapy, necessitating long time therapy for efficacy.
Other drugs used in psoriasis may have antiangiogenic properties. Methotrexate was once the most popular systemic drug against psoriasis, and has been demonstrated to have antiangiogenic properties. Other compounds used against psoriasis, including cyclosporine, retinoids, and vitamin D analogs have also been shown to have antiangiogenic properties. Coal tar, one of the oldest remedies for psoriasis, has been shown to induce long term remissions in psoriasis. Recently, we fractionated coal tar and found an angiogenesis inhibitor, carbazole, which blocks rac-stat3 function and may account for the therapeutic activity of coal tar in psoriasis, as well as block production of interleukin-15 (61) . Antimicrobial peptides which are overexpressed in psoriasis stimulate generation of reactive oxygen. Thus, it is likely that psoriasis represents a reactive oxygen driven process, and that inhibitors of this process may be beneficial in the treatment of angiogenesis associated with psoriasis (62,63).
Angiogenesis and Vascular Lesions
Vascular lesions comprise a large and heterogenous population of lesions that are not fully understood. While the molecular events of only a few of these lesions are understood, the clinical course of these lesions fits into one of three possibilities: Rapid growth and regression (hemangioma), growth proportional to growth of patient without regression, and growth with local invasion and metastasis without regression (malignant endothelial tumor). Of these categories, hemangioma is the most common, found in 1% of all births and up to 10% of premature infants. Risk factors for hemangioma include female sex (4 fold increase), premature birth, and chorionic villus biopsy (64) . The endothelial cells that comprise hemangiomas express placental markers, so it was proposed that hemangiomas arise from placental rests. Clonality has been assigned to hemangiomas, but their true neoplastic nature has not been elucidated. Currently, the most likely hypothesis is that hemangiomas represent population of embryonic bone marrow endothelium that homes to skin (or other organs). Factors which may play a role in this phenomenon are ang-2, which is highly expressed in hemangiomas of infancy, as well as a mouse model, bend3 cells, derived from polyoma middle T transformation of embryonic endothelial cells. Bend3 cells form tumors exclusively by recruiting host endothelial cells, and of interest, polyoma middle T only transforms embryonic or neonatal endothelial cells, and not from older mice, suggesting that like in humans (65) . Intriguingly, verruga peruana, caused by infection of endothelial cells by Bartonella baciliformis, is associated with rac elevation and increased production of ang-2, and is histologically indistinguishable from hemangiomas (66, 67) .
Hemangiomas exhibit a distinct "life cycle", which has been divided into three phases (64) . The proliferative state, is characterized by rapid growth of the lesion. The second state, is spontaneous involution, in which endothelial apoptosis is noted. The final stage is the involuted state, in which the hemangiomas are replaced by a connective tissue scar. Unlike other angiogenic lesions, hemangiomas do not use vascular endothelial growth factor (VEGF) as their major angiogenic factor, but use angiopoietin-2 (ang-2), which recruits endothelial precursor cells (68) . Finally, we demonstrated that polyoma transformed endothelial cells produce high levels of ang-2 compared to VEGF, and the growth of these cells in vivo could be inhibited by a trap against ang-2. Therefore, strategies that block the production of ang-2 might be potentially useful in the treatment of hemangiomas (39) . To this end, we demonstrated that triphenylmethane dyes, which block the production of ang-2 in endothelial cells, block the growth of polyoma transformed murine hemangiomas in vivo. In order to determine whether these findings could be translated into human disease, we treated ulcerated hemangiomas in infants with the triphenylmethane eosin (manuscript submitted), and showed significant efficacy.
Vascular malformations are the second most common class of endothelial lesions (69) ( Figure  2 ). Unlike hemangiomas, vascular malformations do not regress with time, and often have large lumens with diminished smooth muscle investment. This is commonly seen in Sturge-Weber syndrome. Recently, we demonstrated that overexpression of Akt in endothelial cells could reproduce the large vessel phenotype. Interestingly, while there is evidence that hemangiomas also have high levels of Akt, they also express reactive oxygen markers such as ICAM-1 and Wilms tumor 1 (WT-1), while hemangiomas do not (70) (71) (72) . Thus, large vessel vascular malformations use Akt, while hemangiomas use both Akt and reactive oxygen. Another class of small vessel vascular hemangiomas includes the acquired vascular disorder, rosacea. We hypothesize that while large vessel malformations use Akt alone, and hemangiomas use Akt/ reactive oxygen, rosacea may use reactive oxygen alone. Rosacea can be treated with tetracycline class antibiotics, which inhibit matrix metalloproteinases, or by drugs such as metronidazole, which inhibits reactive oxygen. Finally, sulfacetamide is also a reducing agent which may inhibit reactive oxygen.
Angiogenesis and melanoma
Melanoma is the third most common skin cancer, but the leading cause of death due to a dermatologic condition. The factors that make melanoma such a lethal cancer is its propensity to metastasize and the resistance of metastatic tumors to chemotherapy and radiation. Both of these adverse prognostic factors are directly related to angiogenesis. Most melanomas arise as a result of mutations in B-raf or N-ras in the setting of loss of the tumor suppressor p16ink4a, and this combination of oncogenes and tumor suppressor genes may account for up to 90% of cutaneous melanomas (36) . We have previously demonstrated an association between loss of p16ink4a and activation of p42/44 MAP kinase and reactive oxygen/akt activation. This association holds true in cutaneous melanoma. Over 90% of early melanomas are positive for MAP kinase activation and expression of VEGF (73, 74) . Introduction of MAP kinase into immortalized melanocytes results in induction of VEGF. In deeper melanomas, VEGF is similarly highly expressed, but MAP kinase activation is replaced by activation of Akt/reactive oxygen. These discoveries lead to potential therapies for melanoma (38) .
Sorafenib is a small molecule inhibitor of B-raf and VEGFR2 tyrosine kinases. The impetus for the development of sorafenib is the high rate of B-raf mutations in melanoma. However, sorafenib did not have appreciable activity in melanoma as monotherapy (75, 76) . The likeliest reason for this result is that in deeper melanomas, additional signaling pathways can substitute for MAP kinase activation. Blockade of additional signaling pathways will be required to treat melanoma. Interferon alpha is currently the treatment of choice in high risk melanoma, but only yields a 10% survival advantage. Resistance to interferon may be due to induction of Akt by both endothelial and tumor cells. Avastin (bevacizumab), an anti-VEGF antibody, has been tried in combination with interferon alpha (77) . Avastin alone had modest effects, and the addition of interferon did not increase efficacy. It is becoming clear that treatment of melanoma will require multiple drug cocktails, similar to our treatment of HIV infection.
Angiogenesis and nonmelanoma skin cancer
Basal and squamous cell carcinomas represent the most common skin cancers, affecting more than one million patients yearly in the US. While most of these tumors are curable through local excision and destructive modalities, a minority of these tumors exhibit aggressive and metastatic properties. These are most commonly seen in tumors which arise in transplant patients or in the setting of chronic inflammation, ie carcinomas arising in scars, ulcers, and recessive dystrophic epidermolysis bullosa (RDEB). We have demonstrated that a significant number of squamous cell carcinomas arising in RDEB exhibit loss of p16ink4a, in contrast to the mutations in p53 most commonly seen in cutaneous nonmelanoma skin cancers (5, 78) . We have previously demonstrated that p16ink4a deficient tumors signal differently than mutant p53 tumors, with trends towards increased aggressiveness.
The major angiogenic factor in basal cell carcinoma is bFGF, while in squamous cell carcinoma is VEGF (79) . The reason for this difference remains unclear, but may explain why BCC is usually less aggressive than SCC. Both tumors require an angiogenic switch between local inhibitors of angiogenesis (interferon alpha, interleukin-12) and local stimulators of angiogenesis (bFGF, VEGF) (80, 81) . Angiogenesis inhibitors are already in use for the treatment of nonmelanoma skin cancers. These include imiquimod, which is FDA approved for nonmelanoma skin cancers, as well as warts, which are also angiogenic. Imiquimod is a TLR7 agonist which induces local production of interferon. Other topical antiangiogenic agents include topical vitamin D, while systemic agents that have antiangiogenic activity include retinoids and tyrosine kinase inhibitors that inhibit VEGF, EGFR, and her2/neu (geftinib, herceptin, erlotinib, sunitinib, etc). However, these agents are probably likely to be ineffective as monotherapy because activation of oncogenic ras genes leads to resistance to these targeted therapies (82) . (Table 1) Kaposi's sarcoma (KS) has been a prime focus for angiogenesis inhibition. KS is thought to originate from HHV8 infection of lymphatic endothelial cells. Drugs that have demonstrated efficacy against KS include thalidomide, rapamycin, liposomal doxorubicin, and docetaxol, all of which have antiangiogenic activities (83) (84) (85) (86) (87) (88) . Additive therapies that induce lytic replication of HHV8 in KS cells in combination with antiangiogenic agents, such as valproic acid and other HDAC inhibitors, may provide additional benefit in KS (89, 90) .
Angiogenesis and infection
The host response to both acute and chronic infection requires angiogenesis. While it is important not to inhibit the host response to acute infection, chronic infection may require angiogenesis for maintenance. Most chronic infections result from intracellular colonization of bacteria, or adherence of bacteria to a foreign object, impairing bacterial clearance.
Bacterial infections associated with intracellular colonization include mycobacterial infections (leprosy, tuberculosis), syphilis (endothelial colonization), and bartonella (endothelial colonization). Each of these colonizations activates signaling abnormalities in the host cell to allow both persistence and maintenance. For example, bartonella infection induces rac activation and ang-2 production to mimic a hemangioma (66, 67) . Increased angiogenesis is seen in lepromatous leprosy, in which an ineffective immune response, due in part to loss of interleukin-12 and other angiogenesis inhibitors, allows engorgement of cells into tumor-like masses (91) . We have recently shown that lepromatous leprosy is highly angiogenic, and that administration of angiogenesis inhibitors may shorten the duration of therapy needed to treat mycobacterial infections, such as leprosy and tuberculosis.
Chronic viral infections often induce angiogenesis through oncogenes. Human papillomavirus (HPV) contains two oncogenes which can impact angiogenesis. E6 binds p53 and E7 binds Rb. The action of either or both of these genes is sufficient to increase angiogenesis. Epstein-Barr Virus, which causes Burkitt's lymphoma, oral hairy leukoplakia, and leiomyosarcoma, expresses oncogenes such as LMP-1 which activate angiogenesis (40) . HHV8 also expresses an oncogenic G protein that induces angiogenesis.
Chronic infections resist immune clearance by several mechanisms. These include VEGF, which impairs dendritic cell maturation, secretion of immunosuppressive cytokines, such as interleukin-10, and decreased expression of antigen presenting molecules. These may be controlled by similar pathways, such as phosphoinositol-3 kinase/Akt and reactive oxygen signaling. Blockade of these pathways may enhance clearance of chronic infection through angiogenesis inhibition and enhanced immune response.
Angiogenesis inhibition -an overview
Most conditions in dermatology are characterized by excess angiogenesis. These include inflammatory processes such as psoriasis, atopic dermatitis, rosacea, acne, venous ulcers, neoplastic conditions, such as melanoma, nonmelanoma skin cancer, and benign neoplasia, and chronic infections. As part of routine dermatologic practice, we use angiogenesis inhibition often without recognizing it. Drugs already in use are tetracycline antibiotics, which inhibit the activity of matrix metalloproteinases, retinoids which inhibit the synthesis of matrix metalloproteinases, interferon and interferon inducers (imiquimod), gentian violet, which inhibits NADPH oxidases, topical glucocorticoids, and TNF-α inhibitors/blockers. Drugs that are used in other specialties also impact on cutaneous angiogenesis. These include statins, tyrosine kinase inhibitors, Avastin, and PPAR agonists. Finally dietary supplements such as curcumin and tea polyphenols may systemically affect the angiogenic state of the patient. Knowledge of these basic mechanisms will enhance dermatologic therapy. 
